Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 





- 


u 


u 






^ftl^^ 


A 754.446 °"" 1 


Engin. 










M 



I 






M 



4 



■ I 



n 



i'. -• . . - ■» ""."■-'* 

'. --\ . ■ -' i" ^ 



' ..» » 



AERONAUTICAL 

ENGINES 

A critical survey of current practice 

with special reference to the 

balancing of inertia forces 



By 

FRANCIS JOHN KEAN, B.Sc. (Lond.) 

First Class Honourman in Engineering; Temporary Lieutenant in 

the Army Service Corps; formerly Head of the Motor Car 

En^neering Department of the Polytechnic School 

of Engineering, Regent Street, London, W.; 

one time Lecturer on Experimental 

Engineering at McGill University. 

Montreal, Canada 



«9 PLATES INCLULINO 83 ILLUSTRATIONS 



SECOND EDITION, 
REVISED AND ENLARGED 




2f no f nrli 
SPON & CHAMBERLAIN, 120 LIBERTY STREET 

Untihoit 
B. & P. N. SPON, Limited. 67 HAYMARKET. S.W.I 

1918 



Tl 

701 



f^^K^ 



Gopyright. 1918, 
Br SPON ft CHAMBERLAIN 



MIl.MLLCiU eOHMNir 

•ililiwaiiM MP anr mm 



J<^^^-t/l l-^ ^ 






PREFACE TO SECOND EDITION 



The contents of this book formed the subject 
matter of a special course of ten lectures given 
by the Author at the Regent Street Polytechnic, 
London, W., during the autumn of 1915 to men 
of the Royal Naval Air Service, Royal Flying 
Corps, Designers, and Engineering Students. 

My thanks are due to Mr. Robert Mitchell 
(Director of Education) and Professor Henry J. 
Spooner (Head of the Engineering School), for 
the kindly interest they took in my work; also to 
Mr. Charles Spon for his kind assistance with 
the book. 

A description of the Curtiss and Mercedes aero- 
plane engines, although included in the Lecture 
Course, was omitted from the first edition of this 
book. The present opportunity is taken to insert 
a brief account of both engines. 



Francis John Kean. 
July, 1918. 
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CHAPTER I 



The Nature of the Problems 

The Function of the Engine 

To understand the nature of the problems en- 
countered in the design of aeroplane engines it 
is necessary to have some elementary notions of 
the problem of flight in a heavier-than-air ma- 
chine. 




Fid. 1. — Diagram to lUuatrate Horizontal Motion through the Air. 

If we support a thin sheet of cardboard hori- 
zontally in the air and then give it a forward push 
in the direction of the arrow (Fig. 1) it will glide 
swiftly through the air and float on it for a short 
distance before falling to the ground. We notice 
from this simple experiment that very little re- 
sistance is encountered to motion through the air 

9 



10 AERONAUTICAL BKGtKEd 

provided the moving plane keeps its horizontal 
position. 

The planes of a heavier-than-air machine are, 
however, slightly tilted upwards, so that as the 
propeller drives the macliiuc forward the velocity 
of the air V may be resolved into two components ; 
one Yt acts along the face of the plane and the 
other Vn acts perpendicular to the plane (see 
Fig. 2). 




Fio. 2.— Diagram of Wind Velocities. 

The component Wt does no useful work, it 
merely serves to check the speed of the machine 
due to friction caused by the passage of the air 
over the surface of the plane. The component Vn 
is the useful component. 

We can appreciate the effect of Yn much more 
readily if we ima^ie just for a moment that the 
plane is turned into the vertical position with the 
component Vw still acting perpendicular to it. 
The eifect of Vw is then seen to be the same as 
would be produced if the plane were held fast in 
this position, and the wind blew against it with 
velocity Vw perpendicular to the face of the plane, 

as in Pig. 3. 

In this case it will be readily understood that 
the velocity of the wind results in a wind pressure 
being exerted all over the surface of the plane, the 
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cumulative effect of which may be referred to as 
the normal pressure of the wind on the surface of 
the plane, and is indicated in magnitude and direc- 
tion by the force P in Fig. 4. The force P may be 
split up into two component forces / and d. The 
component / represents that portion of the normal 
wind pressure which lifts the aeroplane bodily 
upwards, while the component d opposes the pas- 





FiQ. 3. — Diagram to illustrate 
the Effect of Wind Pressure. 



Fio. 4. — Diagram of Forces re- 
sulting from Wind Pressure. 



sage of the machine through the air. The thrust 
of the propeller must be capable of overcoming d 
and also the force of friction caused by the pas- 
sage of the air across the surface of the planes at 
a speed represented by Yt (Fig. 1). 

Our aim is to study the best means of supplying 
the motive power to the propeller to enable it to 
exert the thrust required from it continuously and 
with unfailing regularity. 

It Will, of course, be clear that to keep the thrust 
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of the propeller within reasonable limits tho 
weight of the complete machine must be cut down 
as much as possible, wliich means that (so far as 
we are concerucd) the engine must have a very low 
weight per useful horse power developed, Lo. we 
require a very efficient engine. 

In general, it may be said that the most efficient 
engines at present in existence are those which 
convert the heat energy of fuels into the mechani- 
cal energy of rotating shafts. The process of con- 
version may be either by external combustion or 
by internal combustion. The internal combustion 
engine is the more efficient in every respect. 

The Efficiency of Light Internal Combustion 

Engines 

There are three distinct aspects of the word 
*^ efficiency" when applied to the performance of 
petrol or gasoline motors : — 

1. Thermal Efficiency. This is more in the 
nature of economy and would be particularly 
applicable to engines for touring cars and indus- 
trial vehicles. A high efficiency engine of this 
class would be one which gave tho greatest power 
continuously for the least petrol consumption. 
Weight and size are not very important. 

2. Power Efficiency, This means essentially 
high mechanical efficiency and is particularly 
applicable to racing engines; it also involves the 
question of volumetric efficiency or the securing 
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of the maximum power from a given cylinder 
volume. The question of weight must also be 
considered, but economy in running is of no great 
importance. 

3. Weight Efficiency. The questions of econ- 
omy and power efficiency are both involved in this. 
The weight of all the engine parts must be kept 
down to an absolute minimum for the required 
power, and the weight of fuel and lubricant must 
also be reduced to the lowest possible limit. This 
class of engine is required for aeroplanes, hydro- 
planes, and dirigibles. 

Methods of Securing High Efficiency 

The means by which we are to secure the desired 
combination of efficiencies will be considered in 
detail in later chapters principally under the 
headings of Carburation and Ignition. For the 
moment we confine our attention to a study of the 
various forms of areo engines in use at the pres- 
ent time with a view to examining the broad out- 
lines of their general arrangement and the rela- 
tive advantages which each class of engine may be 
said to possess before investigating the many re- 
finements and details of construction which render 
each unit, in the estimation of its designers, most 
qualified to hold the premier place as a motive 
agent for aeroplanes. 



CHAPTER n 



Classification of Aeroplane Engine 



Types of Abroflaks Engines 



There arc several ways of dassifying engines 
for aeroplane propulsion, but probably one of 
the best to adopt is to divide them into two prin- 
cipal classes each having its own subdivisions, 
thus : — 

Class I. Air-cooled Engines 



Engines with fixed crankshaft 
and rotating cylinders 

I 



Engines with rotating crankshaft 
and fixed cylinders 



Bivalve 



Monovalve Wholly a ir-co<ilcd Semi-air-cooled 



[ 



Vee 



j„ 



Hadial 



Class II. Water-cooled Engines 

I 



Vee Engines 



iial kn^rii 



Radial h^ngines 



Vertical Engines 



Overhead 
Valvee 



Cylinders 
Lrheaded 



Overhead 
Valves 



Overhead 
Camshaft 



U 



CLASSIFICATION OF ENGINES 15 

Enoikes of Class I. Aib-Cooled Engines 

These engines are illustrated diagrammatically 
in Figs. 5, 6, 7 and 8. In Pig. 5 we show an eng^e 
having a fixed crankshaft and rotating cylinders. 
This type of engine may have one valve or two 




Fig. 5. — Rotary Engine. 

v&Ives per cylinder, being referred to as a bivalve 
or monovalve en^ne accordingly. Typical exam- 
ples of this class of engine are the Gnome and Le 
Rhone with two valves, and the Gnome Monosou- 
pape with one valve. In Pigs. 6 and 7 we illus- 
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trate two eiiKines having fixed cyliiidere and rotat- 
ing crankshaft; both engines are of the Vee tj'pe, 
but whefcas the one shown in Fig, 6 is wholly 




Fio. 7. — Semi -air ■cooled Vec Engine. 



air-cooled (like the Renault engine, and other 
makes) the one shown in Fig. 7 is tlio Wolscley 
semi-air-cooled engine with water-cooled exhaust 
valve. The engine illustrated in Fig. 8 has fixed 
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cylinders arranged radially about a rotating 
crankshaft and represents the Anzani aeroplane 
engine. 




FiQ. 8.^— Radial Engine, Air-cooled. 

Engines of Class II. Water-Cooled Engines 

These engines are illustrated in diagrammatic 
forms in Figs. 9, 10, 11, 12 and 13. The vertical 
engine shown in Fig. 9 is very similar to the ordi- 
nary motor-car engine except for the use of the 
overhead camshaft. This type is constructed by 
the Green Engine Co. and also represents the 





Fia. l\. — Radial Engine (.Wa,teT-wA«A>. 
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Mercedes engine. The Benz and Beardmore- 
Austro-Daimler are illustrated diagrammatically 
in Fig. 10 and have long push rods leading from 
the tappets up to the head of the cylinder. Fig. 




Fio. 12. — Water-cooled Vee Engine. 




Fio. 13. — ^Water-cooled Vee Engine (L-headed Cylinders). 

11 represents the Salmson radial water-cooled en- 
gine with fixed cylinders and rotating crankshaft. 
In Figs. 12 and 13 we illustrate two water-cooled 
engines of the Vee type as constructed by Wol- 
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seley, Sunbeam, and other firnjs. 


Some of these 


engines 


have both valves in the 


positions 


indi- 




y {S)\ 


^- 






v®y 



Flo, 14. — Water fouled Vee Engine. 

cated, and others have the valves arranged one 
over the other as in Fig. 14. 



CHAPTER III 

The Relative Advantages of Different 
Types of Aeroplane Engines 

It has been clearly demonstrated by careful 
experiments that the mean effective pressure 
obtained in the cylinder of an internal combustion 
engine is affected considerably by the diameter 
of the cylinder bore on account of the cooling 
action of the metal walls, and that the mean ef- 
fective^pressure increases as the bore of the cylin- 
der is made larger. Also one would expect that 
the dead weight of the engine in proportion to its 
useful power would decrease in the larger sizes, 
and this appears to be borne out in practice by the 
following figures published in the catalogue of the 
Wolseley Aero Engines : — 

TABLE I 



Type of 
Engine. 


Bore. 


Stroke. 


•^.H.P. 


Spe*-d. 
R.P.M 


No. of 
Cylin- 
ders. 


Weight 
per 

n.ii.p. 


Semi-air-cooled 
Semi-air-cooled 


33" 
4" 




75 
90 


1800 
1800 


8 
8 


5.5 
4.8 


Water-cooled 
Water-cooled 


3f' 
5" 


5i" 

7" 


60 
130 


1250 
1200 


8 

8 


6.3 
5.4 



z\ 
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In the same catalogue we find other figures 
which enable a direct comparison to be made be- 
tween air-cooling and water-cooling and between 
higli speed and low speed engines as constructed 
by the Wolseley Tool & Motor Car Co. of Birming- 
ham, but it is not suggested here that these figures 
represent anything approaching the latest pro- 
ductions of this firm. 

TABLE II « 



Typeot 

Engin<-. 


Hore. 


Strokf. 


.H.P. 


Sp^. 


Nci of 


Wright 


Water-cooled 
Semi -air-cooled 


33" 
4" 


5r' 

5\" 


!!0 
fit) 


1800 
18fK) 


8 
8 


4.5 
4.4 



It will be observed that by adopting water- 
cooling we are able to obtain a greater power 
continuously from given cylinder dimensions, bat 
that in this case the reduction in size of the cylin- 
der does not bring the weight of the water-cooled 
engine down to that of the air-cooled type. The 
weight of the radiator and water has not been 
taken into account in this case, but the figures are 
sufficiently useful to show that a wholly air-cooled 
engine would be considerably lighter when ready 
for a flight than the corresponding water-cooled 
machine. 

In considering the speed of rotation of the 
crankshaft it is important to remember that the 
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power developed by any engine is measured by 
the product of the torque it exerts and the angular 
velocity at which its shaft can be turned. The 
torque of an internal combustion engine is very 
constant over a wide range of speed, and hence the 
power of the engine depends very greatly upon 
the maximum speed at which it can run, i.e. the 
higher the speed of rotation, the greater the power 
from a given cylinder volume. We must not for- 
get that the real test of power resolves itself into 
one of continuity of torque, and this is more likely 
to be obtained at a relatively low speed than from 
a very high duty engine. Another factor that 
must be taken into consideration is the most 
favourable speed for the propeller, and as this is 
about 1,200 revolutions per minute gearing must 
be adopted with high duty engines. The intro- 
duction of gearing increases the weight of the 
engine and reduces the power, but there is, over 
and above this, a marked saving in weight with a 
high duty engine as shown by the following figures 
for the Wolseley aero engines : — 

TABLE III 



Type of 
Engine. 


Bore. 


stroke. 


B.II.P 


Speed. 


No. of 
(Min- 
ders. 


Woi^rht 

B.H.P. 


"Water-cooled 
Water-cooled 


3}" 

3}" 


5 J" 

5i" 


60 
90 


1250 
1800 


00 00 


6.3 
4.5 
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The Akhangement op the Cii-iNDERs 

Having fixed upon the size of tlie engine, tJie 
speed of rotation, and the system of cooling, the | 

next consideration would be the arrangement and | 

number of cylinders. There are throe principal 
arrangements : — 

(1) Cylinders upright and all in one vertical I 
plane. ' 

(2) Cylinders inclined and arranged in two 
planes to form a Vee. 

(3) Cylinders star fashion, and all in the same 
vertical plane. ^^1 

In making a selection tbe table on page 25 may ^^P 
be found useful, but the figures given tlierein do 
not refer to any particular make of engine — they 
are merely representative of modern practice. 

Vertical and Vee Engines Compared 

Given two engines with the same number of 
cylinders and having equal bore and stroke, it will 
be quite clear that a Vee arrangement is lighter 
than a Vertical-in-line ; but in actual practice we 
never get such a direct comparison. For equal 
power output we always find the Vee engines have 
a greater number of cylinders of smaller bore, the 
object of this arrangement being to secure greater 
uniformity of torque by increasing the number of 
power impulses. As we have already seen, the 
reduction in size of the cylinder bore increases 
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TABLE IV 



Ttj» at Enginf. 


1 

J 


it 

is 

li 


II 

1 


.1 

Hi 

li! 

1° 


"on Slidbg" 


1 

= 


.1^ 

111 

If 


Vertioalwuter- 
cooled" 


fi 


4.4 


0.55 


0.3 


Perfect primary 
and Bci'ondiirv 
balance 


lOlf 


1300 


Vw air- 
cooled 


8 


4.(1 


O.fiT 


1.5 


Primary balance 
only 
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1800 


Vce water- 
cooled- 


H 


4.1 


0.01 


O.S 


Primary tmlance 
ontv 
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1800 


Radial air- 
cooled 


10 


:i.G 


0.70 


1.7 


Xo ixilsiitini; 
I)riniary force 


100 


1250 


RadittI wit«r- 
cooled' 




3.8 


O.flS 


0.5 


No pulsating 
primary force 


100 


1250 


Rotary cylin- 
ders (air- 
coolfd) 


n 


2.8 


0.73 


2.0 


Practicallv per- 
fect iMlnni'e 


100 


1200 



the weight per horse-power of the engine, and 
very little saving would result if it were not for 
the practice of running the Vee engines at a much 
higher speed than the Vertical-in-line engines ; but 
this also necessitates the use of strong reduction 
gearing for the propeller drive instead of the 
usual light timing wheels. There is loss of power 
in the gearing and an increase of weight due to 
its use, so that in the end there is not a very great 
saving in the weight per horse-power of the 
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enginp, as is evident from the figures in the above 
tabic-; but there is a very great saving in the length 
of the engine and a eonaiderable gain in uniform- 
ity of turning effort. 

Although tlie actual weights of the parts of a 
number of aeroplane engines are kno«Ti to the 
Author tiirough the courtesy of their designers, 
it does not seem desirable to publish them at the 
present time, so that the following figures are to 
be regarded as estimated weights only. Thus if 
we put down a few figures to represent the weight 
of the parts of a 100 horse-power engine they 
might appear as in Table V, for a vertieal-in-line 
arrangement : — 

TABLE V 



IXwription tif Parte. 


Katimated 
Weight, lbs. 


Cylinders, valves, and valve gear . . . 
Plstotitj and eoiiiiecting rods complete . 

Camshaft and crankshaft 

Gearing and all piping 


160 
50 
40 
35 








30 






Total estimated weight . . . 


420 



Now if this same engine could be arranged in 
Vee fashion, we would effect only a small saving 
on the weight of cylinders ; valves and valve gear ; 
pistons and oonnecting rods complete; flywheel. 
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and accessories. There would probably be a little 
saving in the weight of piping, but the principal 
saving would be in the crankchamber weight. We 
might save 35 per cent, of the weight of the crank- 
case, crankshaft and camshaft, the net saving in 
the completed engine thus possibly amounting to 
10 to 15 per cent. The reduction in length might 
be 40 per cent. On the other hand, if the cylin- 
ders were arranged star-fashion the reduction in 
weight might be from 20 to 25 per cent, as no fly- 
wheel is needed, and in length 70 per cent. These 
figures assume the speed to be kept the same, and 
the cylinder dimensions. The reasons why these 
estimates do not agree with the figures in Table 
IV are twofold. (1) The usual practice is to use 
a larger number of smaller bore cylinders for the 
Vee engine. (2) The reduction in weight will 
depend upon the discretion of the designer. 

The crankcase of a radial or rotary engine is 
generally larger in diameter than that of the cor- 
responding Vee type engine, and the cam discs 
are very much larger ; also we frequently find an 
increased length of piping. 

It is very interesting to draw up a table illus- 
trating the estimated complete weight of the 
power plant when ready for a four hours ' flight. 

From the above table it will be seen that econ- 
omy in running together with durability are much 
more important than a low weight per horse- 
power, especially in the case of machines intended 
for long distance flights. 
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TABLE VI 





De<td 

""„f"' 


Eati- 
matnl 
W.islit 
«f Oil 


Gross 


«'St 


Type of Engine. 


Ensine. 


(rylud 


„'■" 




nndAi; 


RDd 

Petrol. 


T^tiiks). 


Horae- 
power. 




wssones. 










lb. 


lb. 


Ib- 


lb. 


Vertical waler- 










eoolod* .... 


530 


209 


7.19 


7.4 


Vee air-cooled . . 


400 


295 


69.) 


7,0 


Vee water-cooled* . 


500 


240 


740 


7.4 


Radial air-cooled . 


360 


314 


674 


6.7 


Kadial water-cooled* 


«0 


244 


714 


7.1 


Rotary cylinders 










(air-cooled) . . 


280 


.335 


615 


6.1 



• Includes radiator and piping. 



CHAPTER IV 
Choosing the Number of Cylinders 

There are two important factors which determine 
the most desirable number of cylinders for a given 
power output, viz. — 

(1) The ^^''^^'tribution of the firing impulses im- 
parted to the propeller shafting. 

(2) The balancing of the sliding parts of the 
engine. 



Distribution of Firing Impulses 

Tn the present chapter we deal with the dis- 
tribution of the firing impulses, leaving the bal- 
ancing to be dealt with in the following chapter. 

All the engines whic^ we will consider operate 
on the four-stroke cycle, that is to say, the cycle 
of operations is completed once in every four 
strokes made l)y the piston, as follows — 

1. The Suction Stroke. On the first down 
stroke made by the piston a suction eflfect or par- 
tial vacuum is produced in the cylinder. The cam 
opens the inlet valve and air is drawn up through 
the carburettor, filling the engine cylinder with 
a mixture of air and petrol vapour. The inlet 

29 
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FiQ. 16. — Suction Stroke. Fia. 16. — CompresBiou Stroke. 
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no. 17.— ExploBJon Etroke. Flo. 18. — Exhaust Strgk«; 
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valve is then closed. This operation is indicated 
in Fig. 15. 

2. The Compression Strode. On the first up 
stroke made by the piston the charge of explosive 
mixture is compressed ready for firing. Both 
valves are shut, as in Fig. 16. 

3. The Explosive Stroke. Just before the com- 
mencement of the second down stroke the charge 
is fired by a spark from the sparking plug, and the 
piston is tlms driven sharply downwards, doing 
useful work. This is the power stroke. Both 
valves are shut. The exhaust valve opens to- 
wards the end of this stroke. The operation is 
indicated in Fig. 17. 

4. The Exhaust Stroke. As the piston makes 
its second up stroke it pushes the burnt products 
of the previous explosion out through the exhaust 
valve into the atmosphere, as indicated in Fig, 18. 

The exact timing of the valves for the opera- 
tions of inlet and exhaust of gases varies consider- 
ably with the type of engine and the judgment of 
the designer. In some engines the inlet valve 
opens before the crank reaches its top dead-centre, 
but in others it remains closed until the crank has 
passed over the dead-centre. The object in open- 
ing early is to secure a full charge, whereas in 
opening late we aim at better scavenging of the 
cylinder. Similarly, the exhaust valve may not 
close until after the crank has passed its top dead- 
centre, but it is always opened early in the firing 
stroke. The inlet valve generally closes after the 
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piston has moved a short way up on the compres- 
sion stroke so that the momentum of the incoming 
gases may assist the charging of the cylinders. 
Perhaps an average valve setting for an aeroplane 
engine would be : — 
Exhaust closes and inlet opens when the crank 




Fig. 19. — Diagram of Valve Setting and Ignition Timing. 

is on its top dead-centre. Exhaust opens when 
the crank is 60° from its bottom dead-centre and 
inlet closes when the crank has moved 40° up on 
the compression stroke. 

This setting is shown diagrammatically in Fig. 
19. If we remember that the four strokes of the 
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cycle occur in the following sequence: Suction, 
Compression, Explosion, Exhanst, we can readily 
predict the firing order of the cylinders of any 
type of engine. 

Vertical and Vee Engines 

The easiest case to consider is a four-cylinder- 
in-line engine with cranks at 180^, as shown dia- 




grammatically in Fig. 20. Supposing No. 1 cylin- 
der has just fired and the crankshaft turns in tho 
direction of the arrow: — "Write down the cycle 
of operations for each cylinder in tabular form as 
shown in Table VII. 

Commencing with No. 1 cylinder, we write 
"Explosion," and then turning to No. 2 cylinder 
we notice that as the crank turns both No. 2 and 
No. 3 pistons come up to the top of their respective 
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TABLE VII 



Cylinder 


1 


o 


3 


4 


Number. 


X 


^ 




(1) Ex- 


Com- 


Exhaust 


Suction 




PLOSION 


pression 








Exhaust 


(2) Ex- 


Suction 


Compres- 


Operation 


Suction 


plosion 
Exhaust 


Compres- 
sion 


sion 
(3) Ex- 
plosion 




Compres- 


Suction 


(4) Ex- 


Exhaust 




sion 




plosion 





cylinders, and hence the designer may select either 
for the next explosion. If he selects No. 2 to fire 
next, then it must at the moment be compressing, 
and No. 3 must a fortiori be exhausting, while No. 
4 is drawing in a new charge. All we have to do 
now is to fill in the remaining events of the cycle 
for each cylinder and we automatically get the 
correct firing order as 1, 2, 4, 3. It will, of course, 
be quite clear that there is an alternative firing 
order, viz. 1, 3, 4, 2, but for our purpose it is suflS- 
cient to illustrate one only. An eight-cylinder 
Vee engine of the type shown in Fig. 14 having 
two sets of four cylinders inclined at 90° to each 
other will give four impulses per revolution to the 
crankshaft as one pair of cylinders in each group 
will yield a firing impulse during one turn of the 
shaft. 

One method of arranging the firing order for a 
six-cylinder-in-line engine would be worked out as 
follows, by reference to Fig. 21. Assuming No. 1 
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cylinder has fired, it is evident tliat cither 2 or S 
may fire next, and these will be followed by either 
3 or 4, thus giving four different firing sequences. 
If we select No. 2 to fire after No. 1, th^n during 
the first half revolution of the shaft No. 1 fires 
and expands its charge, No. 2 compresses and 
fires, No. 4 finislies suctiou and begins compres- 




sion if it is to fire after No. 2, and Nos. 3, 5 and S 
can tlien be readily settled because they must be 
performing some operation which lags 360 degrees 
behind Nos. 1, 2 and 4 respectively. Then com- 
pleting the schedule as in Table VIII we get the 
firing order as 1, 2, 4, 6, 5, 3. 



Engines with Rotating Cylinders 

We can readily show that it is impossible to 
obtain regular firing impulses with an engine of 
this type unless the number of cylinders is odd. 
Taking the six-cylinder arrangement shown dia- 
grammatically in Fig. 22 first of all: — Each 
cylinder will fire as it passes across the vertical 
centre Hue 1.4, the crank AB being fixed; but if it 
is not required to fire, then it must be finishing 
exhausting and beginning compression. As each 
cylinder only fires once in every two revolutions 
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it will be clear that tbe cylinders cannot fire in 
regular numerical order as I, G, 5, 4, 3, 2, nor can 
thoy fire alternately if the impulses given to the 
crankshaft are to be equally spaced, because if we 




Fio. 22. — Arrangement if Si\ Cylinders almut a fixed Crankshaft. 



select the order, 1 , 5, 3, then either No. 2 or No. 6 
mast fire next, which means intervals of 120°, 120° 
anfl 60% or 120% 120°, and 180°. If we choose 
seven cylinders as shown in Fig. 23 they can fire 
regularly, thus, 1, 6, 4, 2, 7, 5, 3 at equal intervals 
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of 



As an illustration we can work this 



case out on the lines indicated above, the reason- 
ing being simplified because we know the firing 
order and merely wish to verify it. Arranging 
the work similarly to the previous case we see 




A- 



\ 



Fig. 23. — Arrangement of Seven Cylinders about a Fixed 

Crankshaft. 



(Table IX) that during the first half revolution 
No. 1 is expanding, No. 6 is compressing, No. 4 
and No. 2 are on their suction stroke, therefore it 
follows that No. 7 and No. 5 must be exhausting. 
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while No. 3 is expanding (having previonsly 
fired). Filling in the schedule automatically we 
obtain the firing order as 1, 6, 4, 2, 7, 5, 3. 



Radial Engines 

The case of a radial engine with an odd number 
of fixed cylinders can be treated in exactly the 








(3) 

ft 



Fio. 24. — ^Arrangement of six Cylinders in two groups of three 

Cranks at 180''. 

same way as the rotary cylinder engine given 
above. A case of special interest however is that 
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of a radial engine with an even number of cylin- 
ders, but having two crankpins ISD" apart, e.g. a 
six-cylinder engine arranged as two sets of three 
opposing each otlier in parallel vertical planes, 
this is shown diagrammatlcally in Fig. 1^4. The 
operations are as follows: — No. 1 fires its charge, 
and during the first half revolution it expands its 
charge, while No, 5 and No. G arc compressing. 
No. 2 and No. 3 are exhausting and No. 4 is taking 
in a fresh charge. Tlie remaining events are filled 
in on the schedule automatically, thus giving the 
firing order as 1, 6, 5, 4, 3, 2. The cfi"ect of this 
double crank iirrangement is twofold: (1) the 
cylinders fire in regular numerical order; (2) the 
crankshaft receives firing impulses at equal angu- 
lar displacements of 120°. This ingenious ar- 
rangement is used by the Anzani Engine Co. for 
their 6, 10 and 20 cylinder aeroplane engines. 
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CHAPTER V 
Balancing the Sliding Parts of the Engine 

Ak investigation of the biihincing of the sliding 
parts of an engine resolves itself into a study of 
the inertia forces acting on the piston. Every 
body possesses inertia, in virtue of whicli it offers 
resistance to any change in its state of rest or uni- 
form motion in a straight line. The piston of an 
onf^ino has to be brouglit to rest at the beginning 
and end of its stroke, but towards tlie centre of its 
stroke it is moving at a very high velocity so that 
largo forces are required to overcome its inertia, 
and these set up corresponding reactions in the 
framework of tlie engine. Unless these forces are 
balanced they will cause disturbances principally 
in the form of vibrations. The force rocjuircd to 
start the sliding parts off from rest and the force 
which they exert on the frame when coming to rest 



is the mass of the complete piston with rings and 
gudgeon pin, together with about one-third of the 
connecting rod weight, a is the required accelera- 
tion and g is the acceleration due to gravity. 
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Motion of the Piston of an Ideal Engine 
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When a particle is rotating in a circular path 
with uniform angular velocity as indicated in Fig. 
25 its projection on the line AB has simple har- 
monic motion. The acceleration of a body which 
has simple harmonic motion is proportional to its 




Fio. 25. — Ditigram to illustrate Simple Harmonic Motion. 

distance from the centre of its beat or stroke ; thus 
the acceleration is directly proportional to the 
distance of the particle from the point C, there- 
fore the acceleration diagram is a straight line 
DCE such that AD is equal and opposite to BE. 
Now the force required to give the body this ac- 
celeration is (as we have observed) M^b^t since 

ff 
M and o are constant for any given case it follows 

that DCE is also a diagram of inertia forces or 
forces necessary to accelerate the piston. At the 
beginning of the stroke part of the pressure on 
the piston is required to start the mass oflF from 
rest with the required acceleration, this amount 
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being represented by AD to some scale. At the 
centre of the stroke the acceleration is zero, hence 
no force is required to move the piston (neglect- 
ing friction) and the whole pressure on the piston 
is available for useful work. At tlio end of the 
stroke the piston has to be brouglit to rest, but 
since it possesses inertia the mass tends to keep 
on raoviiif( so that its inertia force actually assists 
the pressure on the piston. The magnitude of the 



force at the end of the stroke is represented to 
scale by BE, but since BE = AD the triangle ADC 
is equal in area to the triangle CBE, so that no 
work is lost due to inertia. All the energy ex- 
pended in accelerating the piston is given out 
again as it conies to rest. Similar reasoning ap- 
plies on the return stroke of tlie piston, for which 
the inertia force diagram is D'CE' (Fig. 26). 

Motion of the Piston of a Petrol ENOtRB 

The motion of a petrol engine piston is not 
simple harmonic motion, unless the connecting 
rod is infinitely long (so that it can always move 
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parallel to the line of stroke) or unless we have 
the arrangement sketched in Fig. 27 which is 
equivalent to an infinitely long connecting rod. 
Owing to what is known as tlie obliquity of the 
connecting rod the motion of the piston is not sim- 




increases, i.e. as the ratio - 



CI give Simple 



pie harmonic. The acceleration of the ordinary 
piston is not directly proportional to its distance 
from the centre of its stroke. The discrepancy 
becomes more marked as the obliquity of the rod 
length of connocting rod 
length of crank 
decreases. With an ordinary piston, and con- 
necting rod of length L feet between centres, with 
a crank of radius R feet, the following relations 
may be accepted as accurate enough for nearly all 
practical purposes : — The inertia force required to 
accelerate the piston at the beginning of the stroke 

=^ (\ + ^ lb. The inertia force exerted 
.'/ \ li/ 

by the piston in coming to rest I 1 — — j lb. 
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The inertia force is not zero wlien the piston is at 
the centre of its stroke, but it is approximatelj' 
zero when the connecting rod is at right angles 
to the crank. The inertia force for the actual pis- 
ton is numerically equal to that for the ideal pis- 
ton when tlie crank is 45'' from eitlier dead -centre. 
In the above eiiuations a = 4^>;-R when v — revo- 
lutions per second of the engine, and g ~ 32.2 ferti 
per second, per second. 



To iNVESTrOATE THE BilANCE OF THE SUDINQ 
PABTS OF AN ENGINE 



Case I. Engine with Six Cylinders-in-Line 

In this case the cranks are arranged in two sets 

of three, each crank in a set being 120° ahead of 

its neighbour, as illustrated in Fig. 21 and Pig. 28. 



I 




Arrafigement of Siv-crank Engin 



First draw a diagram of inertia forces from the 
instructions given above by laying down the 
engine mechanism in outline to scale (see Fig. 29, 
PuTE 27). The actual diagram of inertia forces 
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is seen to be a curve, and it is very convenient to 
regard this curve as representing the effects of 
two sets of imaginary forces, one of which has 
values exactly equal to what the inertia forces 
would be if the piston had simple harmonic mo- 
tion, and the other represents the disturbing effect 
of the short connecting rod. The first set would bo 
called primary inertia forces, and the other set 
would be called secondary inertia forces. It is 
generally sufficient to test for balance of the pri- 
mary and secondary forces without considering 
the other forces brought into action, which are 
of higher periodicity and smaller magnitude. 
With the type of engine under consideration we 
can readily see by scaling off the primary and 
secondary forces from the diagram that they do 
actually balance if the masses of the several recip- 
rocating parts are equal. The length AB in Fig. 
29 is exactly equal to the sum of the lengths CD 
and I)E, also the length FG is equal to the sum of 
the lengths HK and KL. From the arrangement 
of the crankshaft it will also be clear that there 
are no resultant primary or secondary couples 
tending to twist the engine, so that it is extremely 
well balanced from the point of view of inertia 
forces. Another very important consideration is 
the effect of the forces brought into action on the 
bearings and crankshaft due to the firing impulses 
imparted to the pistons. Very often these are 
more troublesome than the inertia forces, so that 
they should be very carefully analyzed. 



m 
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Case II. Engine with Cylinders in the Form of I 
Vee 

There are two cases to consider which are of 
practical importance at the present time: (1) an 
eight-cylinder Vee engine with a 90° Vee; {2) a 
twelve-cylinder Vee engine with a 60° Vee. With 



J%TaH^ 




Fio, 30. — ArraDgcroent of Eight-cylinder Vee Engine. 

a twelve-cylinder Vee engine the cylinders are 
arranged as two sets of six inclined at 60° to each 
other, with crank angles of 120°, so that since each 
side of the Vee has complete primary and second- 
ary balance as shown above, the resulting balance 
of the two sets is as good as can bo obtained; but 
this is not the case with the eight-cylinder Vee 
engine arranged as two sets of four cylinders in- 
clined at 90° to each other, with crank angles of 
180°, If we lay down the outline of flie mechan- 
ism of an eight-cylinder Vee type engine we find 
that the primary forces are balanced on each sido 
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of the Vee, but the secondary forces are not. 
Considering only one pair of pistons AB on one 
side of the Vee, the outline of the crankshaft will 
be as shown in Fig. 30, which gives both the pri- 
mary force diagram and secondary force diagram 
of Fig. 31 (Plate 28). The other pair of cylin- 
ders CD will yield a similar result, so that the 
resultant siecondary unbalanced force for one side 
of the Vee is double that shown on the diagram. 
Similarly for the other side of the Vee. The joint 
effect of the two sides is obtained by resolving 
each of these separate sets of forces vertically 
and horizontally, when it will readily be ascer- 
tained that the maximum value of the unbalanced 
secondary force is 4V- times the maximum sec- 
ondary force for one piston. Its line of action 
lies in a horizontal plane passing through the 
crankshaft bearings, and the force alternates in 
direction. The vertical components cancel each 
other. The eight-cylinder Vee is therefore badly 
out of balance, so far as inertia forces are con- 
cerned, but their effect is in practice somewhat 
toned down by the other forces we have mentioned 
as arising from the firing impulses on the pistons. 

Case III. Engines with Cylinders arranged Radially 

The Author has investigated two separate 
cases: (a) an engine having a single crank and 
seven sets of cylinders all in one vertical plane; 
(6) an engine having two cranks at 180° and ten 
cylinders arranged in two groups of five. In both 
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cnses the primary inertia forces are not 'balftiicwd, 
but they yield a resultant which is nearly constant 
in magnitude (see Fig. 3'2, Platr 29 and Fig. 'M, 
Pi.atk31). In case (a) fLis large unbalanced pri- 
mary force would become a pressure moving half- 
way rounti tlie main bearings with the crank and 
then returning against it, the magnitude of the 
pressure being very considerable, but least to- 
wards the centre of its traverse (see Fig. 3li, 
Platb 29 and Fig. 33, Plate 30). The secondary 
forces are in comparison negligible. In case 
(b) the resultant unbalanced primary inertia 
force for each sot of pistons is constant in magni- 
tude, but, as above, trjn'els half-way rnun«l the 
bearings and then returns (see Fig. 34). Owing 
to the fact that the second crank is 180° ahead of 
the first tlio resultant unbalanced primary inertia 
force for the second group of cylinders would 
exactly balance the first if it were not for the fact 
that the two groups are of necessity slightly dis- 
placed laterally so tliat the two forces form a 
couple. The resultant unbalanced couple is there- 
fore comparatively large and the effect of the 
secondary forces is again small. With both types 
of engine the pressure on the bearings may be 
(and actually is) materially modified by the pres- 
sures due to the firing impulses imparfeil to the 
pistons. In practice therefore with both types of 
engine the effect of the inertia forces might easily 
be of secondary importance- 
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Case IV. Engine with Rotating Cylinders 
In tbis case we have two sets of masses rotating 
about two independent fixed centres viz. the crank- 
shaft and the erankpin. The cylinders are obVi- 




Fra. 35 .—Nine-cylinder Gnome Engine. 

onsly perfectly balanced if the masses are all 
equal. The outline of the mechanism for a nine- 
cylindered Gnome engine is illustrated in Fig. 35, 
which shows that the pistons and connecting rods 
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are very nearly biilaiiccd; the only disturbing fac- 
tor, the obliquity of the rods, is very sniHll indeed. 
We are therefore justified in describing this typo 
of engine as perfectly balanced, so far as iiiertia 
forces are concerned. AVe must, however, again 
emphasize that the effect of the firing impulses 
has not been considered. 



CHAPTER VI 

Carburation 

A CABBURETTOR is a coutrivance for supplying an 
explosive mixture of air and petrol vapour to a 
petrol engine. At the present time there are only 
two carburettors in general use for aviation work : 
(1) the Claudel-Hobson and (2) the Zenith. In 
both these carburettors the float chamber is of the 
usual pattern, containing a hollow metal float 
which pushes a needle valve down on to its seating 
and automatically stops the inflow of petrol to the 
jet as soon as the liquid in the chamber has risen 
to a height corresponding to the jet orifice. 
When petrol is being drawn oif at the jet by tlie 
suction of the engine the level in the chamber tends 
to fall, and thus the float releases the needle valve 
and allows more liquid to enter and correct the 
level. The orifice at the top of the petrol jet is 
made very small so that the liquid will be sprayed 
and thus readily vaporized. With a powerful en- 
gine so much petrol is required from the jet that 
the orifice necessary is too large for successful 
spraying, and the stream of petrol issuing from 
the jet should be atomized after leaving the ori- 
fice; this forms the essential feature of the 
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Clandel-Hobson carburettor. To ensure a proper 
suction effect being exerted upon tlio jet at low 




. — Sci'tional Druwing o[ a 
of llie Jet type. 



engine speeds as well as at high engine speeds the 
jet is surrounded by a small diameter tube, termed 
the choke tube, which may be either taper or par- 




Fro. 37. — Claudel-llulmiiii farljiirettor as arraiifn^ for Aviation Work, 
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Fhi ^!),— Sectional Draiviiii; of Zenith Cnrburettor. 
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allel in the bore. It is found, as a mle, that if the 
.clioke tube ie .proportioned to draw the correct 
quantity of petrol from the jet at low speeds it 
will draw too much (in proportion to the air ad- 
mitted) at high speeds unless some form of com- 
pensating device is fitted; this forms the essential 
feature of the Zenith carburettor. A simple car- 
burettor is showTi iu I'ig. 3G in which A is the fl<" 




chamber, B is the petrol jet, C is the choke tube, D 
is the mixing chamber, K the throttle valve, F the 
float, and Q the needle valve. The mixing cham- 
ber is surrounded by a hot-water jacket to supply 
the heat necessary to completely vaporize the 
petrol at all atmospheric temperatures. The 
ClaudcI-IIobson carburettor as used for aviation 
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work is sLown in Fig. 37, which is reproduced by I 
kind permission of Messrs. H. M. Hobson, Ltd.* 
and the atomizing jet is illustrated in Fig. 'SH. It! 
will be seen from this sectional sketch that the] 
petrol jet has no special orifice, but is surrounded 
by another tube B containing small holes for thai 
inflow of air and outflow of petrol. As the petrolfl 
issues from the jet it strikes against the pointers 
end of the screw C and is thus very successfully^ 
atomized and broken into small particles whicb'l 
can be readily vaporized. The Zenith carburettova 
is shown in Figs. 39, 40 and 41, which are repro-J 
duced by kind permission of the Zenith Carburet' 
tor Company. The principle of the compensating 
jet may be explained thus, by reference to Fig. 
42. The main jet A is of sufficient size to supply 
the requirements of the engine under full speed 
and with the resulting bigli vacuum in the choke 
tube; it is fed directly from the float chamber in 
the usual manner. The compensating jet B sur- 
rounds the main jet and is supplied with petrol 
from an orifice which is indicated by C. The ori- 
fice is so proportioned that it offers a greater re- 
sistance to flow than the passage up the centre of 
the main jet. At all engine speeds up to a pre- 
determined maximum the compensating jet will 
supply most of the petrol, hut as the demand in- 
creases the main jot will also begin to supply 
under the increased suction, and simultaneously 
the compensating jet will commence to go out of 
action owing to failure of its supply, thus prevent- 




Fic. 40. — Arrangement of Zenith Curlinrelturs fur Avintton \^'ork. 
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Via. 41.— Zeritli Carburettor fitted to a Vee I 
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ing an excessively rich mixture. A good deal of 
light may be shed upon many carburation prob- 
lems which at present appear obscure by a study 
of the results of some researches carried out by 
the Author with the assistance of his students at 
the Regent Street Polytechnic (London, W.) and 
published in The Engineer during May, 1915. 

The results may be summarized and explained 
thus : — 

(1) A relatively weak mixture of about 17 lb. 
of air per 1 lb. of petrol vapour gives the greatest 
thermal eflSciency and the least petrol consump- 
tion. 

(2) The weaker the mixture becomes the higher 
is the temperature of the exhaust gases; the 
power falls off and the heat lost to the jacket water 
becomes less. 

(3) A mixture slightly richer than the theo- 
retically correct one (15 lb. of air per 1 lb. of 
petrol vapour) which corresponds to about 14i lb. 
of air per 1 lb. of petrol vapour gives the 
greatest power and rejects most heat to the jacket 
water, but the thermal efficiency and petrol con- 
sumption are not so good as with the weaker mix- 
ture cited above. The temperature of the exhaust 
g^ses becomes lower as the strength of the mix- 
ture increases. 

(4) When the mixture is very rich the power 
quickly falls off and the thermal efficiency gets 
very low. The fuel consumption is excessive, less 
heat is rejected to the jacket water, and the tem- 
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perature of the exhaust gases falls off. Carbon 
deposit becomes evident on cylinder heads, pis- 
tons, valves, and sparking plugs. 

Explanation of the Results 

When the mixture is slightly too weak there is 
an excess of air present in the cylinder over that 
required for complete combustion of the fuel, and 
hence we arc certain to get the fuel completely 
burned; but it follows of course that the actual 
weight of fuol burnt is not so great as it might be, 
and iience we do not obtain the greatest power 
from tlip engine. As the mixture becomes weaker 
it ignites less readily and combustion is slower, 
so that the charge may be in an incandescent state 
when it passes out to the exhaust — this explains 
the rise in the exhaust temperature. When the 
mixture is about theoretically correct combustion 
is often not quite complete, and therefore although 
we burn a greater weight of charge in the cylin- 
der and thus develop a greater power the effi- 
ciency of the process is not so high. When the 
mixture is too rich wc get a larger quantity of 
petrol than before into the cylinder, but as the air 
supply is the same or rather less the combustion 
is imperfect, so that instead of the carbon and 
hydrogen of the petrol turning to carbon dioxide 
and steam, some of it appears as carbon monox- 
ide, free hydrogen, and heavy hydro carbons. 
Therefore it is not difficult to see that the tern- 
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perature of the exhaust gases may be much lower 
and less power be developed by the engine. The 
eflSciency of the process is of course very low and 
the fuel consumption abnormally high. 



CHAPTEB \'n 
Ignition 

The charge of gas in the engine cylinder is fired 
by a spark from a high tension magneto mttcbinc. 




Flo. 43. — Outside View of a High-tension Magneto. 

The magneto is driven by gearing from the enpne 
crankshaft, or crankcase (when the crankcase 
rotates). The essential parts of a magneto of 
this type are shonit in Fig. 43 and Fig. 44 and 



consist of the stationary magnets A, the driving 
spindle B, the high tension electrode D, the high 
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tension distributor 0, and the low tension contact 
breaker E. The armature, condenser, and dis- 
tributor gear wheels are not shown in the draw- 
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ings, but are situated inside the machine in the 
space between the high tension electrode D and 
the low tension contact breaker E. There are two 
sets of windings on the armature, so that as the 
spindle B is rotated by the gearing those windings 
generate a high tension and a low tension current. 
The high tension current passes to the high ten- 
sion electrode D and thence across the machine to 
the carbon brush H of the high tension distributor 
C. The low tension current passes through the 
platinum tipped contact screws FjFg of the low 
tension contact breaker. Twice during each revo- 
lution of the armature these contacts are sepa- 
rated owing to the fibre block attached to the bell 
crank lever G passing over the projections Tj and 
T2; this constitutes the make-and-break device 
for interrupting the primary current. The mo- 
mentary interruption of the primary current in 
this way causes a very great increase in the elec- 
trical pressure (or voltage) of the secondary or 
high tension current which is sufficient to bring 
about the spark discharge across the gap between 
the electrodes of the sparking plug. A typical 
sparking plug is shown in Pig. 45. The high ten- 
sion distributor consists of the carbon brush H 
driven by gearing from the magneto armature and 
the metal segments Mj, Mo, M.^, M4 which are 
mounted in a block of insulating fibre. Each 
metal segment is connected to a sparking plug; 
le^d &uch as Lj, Lo, L3, L4. A two-pole machinrf 
such as the one illustrated can supply current fQc| 
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two sparks dnring one revolntion of the armature, 
so that if the dietributor has four segments the 
brush II must bo driven at half the armature 
speed, but if there arc six segments the brush must 
turn at h the armature speed and 
80 on. The high tension electrode 
D is attached to a light carbon brush 
which presses on a gun-metal col- 
lector ring at the high tension end 
of the armature winding. A spe- 
cial terminal is provided at P, so 
that wjien a wire is attached to it 
and connected to the engine frame 
(usually tlirough a switch) the low 
tension windings are short-circuited 
or closed on themselves and the 
make-and-brcak has no effect, be- 
cause there is always a path for tiie 
current to continue flowing until tlie 
switch is opened again. Under 
those circumatanoea the voltage of 
the high tension circuit is not suffi- 
cient to cause the spark discharge, and the igni- 
tion is said to be switched oflF. The instant at 
which the spark occurs may be advanced, or made 
earlier, by moving the rocker arm K which carries 
the projecting pieces T, Tj backwards. If the 
rocker arm be moved forward, in the direction of 
rotation of the armature, the ignition is retarded 
and the spark occurs later in the stroke of the pis- 
ton. If the magneto was set with the engine sta- 




FlO. 45.— Sketch 
of a Sparking 
Plug. 
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tioiiary so that the spark would occur when the! 
piston was in its highest position the i^ition [ 
would rcijuiro to be advanced when the engine -I 
was running owing to the timo-lag of the current. 
Tlie eondcnsor is fitted to reduce tliis time-lag to a I 
minimum. It is impossible to explain the action 1 
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of a magneto without going into the realm of 
Electrical Engineering. The space between the 
poles of a magnet may be regarded as in a state 
of stress and crossed by what are termed lines of 
magnetic flux. When a copper wire is made to 
cut across these lines of flux an electromotive 
force is generated in the wire, and if the ends of 
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the wire are joined (say by the platinnm-tipped 
contact screws) a current flows round the loop; 
this is indicated in f^ig. 46. Again, when a coil of 
wire carrying a current is wound round an iron 
core the core becomes a magnet for the time heing, 
as shown in Fig. 47. Tlie electrical connections 
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for a high tension magneto are shown diagram- 
matically in Fig. 48. Actually the low tension 
windings are wound round the core first and con- 
sist of a few turns of comparatively thick wire; 
then the secondary windings are wound over these 
and consist of many turns of very fine wire. As 
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tbe driving spindle and armature core are rotated 
both sets of windings cut the lines of magneto 
flux, so that each generates an electromotive 
force. The priraarj' windings may generate at 
ten volts and the secondary at I.IMKI volts when 
the speed is 1,<1U(J revs, per miiiuto, but this elec- 
trical pressure of 1,0(10 volts is not enough to 
cause the spark to jump the gap between the elec- 
trodes of tiie sparking plug. When the platinum- 
tipped screws of the low tension contact breaker 
are touching each other a current is able to 6ow 
in the primary windings, and thus the iron arma- 
ment core becomes strongly magnetized, due to 
this. The momentary stopping of the primary 
or low tension current by the separation of the 
contacts causes tliesc lines of magneto flux to col- 
lapse, and in collapsing they cut through the sec- 
ondary windings, thus creating a new electro- 
mative force in them which is sufficient to raise 
the voltage of the secondary circuit to say 5,000 
volts, and this is enough to cause the spark to 
pass. Owing to what is known as the "induct- 
ance" of the windings due to the presence of the 
iron core the primary current docs not start and 
stop instantaneously with the movement of the 
contacts unless a capacity or condenser is fitted 
across the windings to annul their inductance. 

Another very important factor in ignition is the 
speed of propagation of the flame through the 
mass of gas in the cylinder after it has been ig- 
nited by the spark. Obviously the ideal condi- 
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tions would be instantaneous propagation, and to 
achieve this many firms have fitted two-point igni- 
tion in which the charge is fired simultaneously 
from two independent positions in the combustion 
chamber. It has been shown, however, that ow- 
ing to the high speed of the piston and the rapid- 
ity of the operations of compressing, etc., the 
gases are in a very turbulent state, so that little 
if anything is gained by two-point ignition. 



CHAPTER Vin 

Typical Aeroplane Engines 

I. The Beabumobe Engine 

The Beardmorc Aero Engine Co. make two s 
of aeroplane engines, one giving !)0 horse-power, 
and the other 120 horse-power, each having six 
water-cooled cylinders mounted vertically in line 
similar to a motor-ear engine. The 9(> horse- 
power engine referred to previously in the text 
is shown in Figs. 49 and 50 and the 120 horse- 
power engine in Figs. 52, 53, and 54. Engines 
constructed on the lines of the Beardraore engine 
have been used by all the i)rincipal governments 
of the world and have in addition gained many 
prizes and secured many records in flight. Fig. 
51 gives a good idea of the internal arrangement 
of the cylinders, from which it will be observed 
that the valves are in the head and inclined. In- 
clining the valves allows a larger <Iiameter to be 
fitted in a given cylinder bore, and also it facili- 
tates the arrangement of the valve gear. The 
cylinders are cast separately and surrounded by 
copper water jackets electrically deposited. The 
70 
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pistoDS are of pressed steel with dished heads. 
The crankcase is of aluminium and the crankshaft 
is supported therein by seven bearings. At the 
front end of the engine the propeller boss may be 
seen, and just behind it a double thrust ball race is 



fitted; at the roar end the magneto and the liosch 
lubricator are fitted. The magneto is arranged 
for dual ignition so that the engine may be started 
from the pilot's scat. The lubricator has valve- 
less piston pumps and feeds all bearings under 
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pressure thus securing perfect lubrication. The 
centrifugal water pump may also be clearly seen; 
it takes tbe water from a tioneyeomb radiator and 
pumps it through the cylinder jackets and so back 
to the radiator. The arrangement of the valve 
gear is uni(|ue, as a single laminated plate spring 
controls both inlet and exhaust valves, although it 
necessitates the use of a special type of cam to 
give a positive return motion to the tappet rotl. 
The inlet valve is in detachable cage. Two 
Beardmore carburettors are fitted; these are of 
simple design with cylindrical throttle and ar- 
ranged so that the float chamber surrounds the 
choke tube. The beautiful photographs of the 
120 horse-power engine were specially prepared 
for the Author by the kindness of the Beardmore 
firm. For some time now those engines have been 
noted for their low fuel and oil consumption and 
their low weight per horse-power, but it is not 
possible to publish any of the latest figures at 
present; the figures given in Table IV may serve 
as a guide to indicate how rapid the progress has 
been with all types of engines during the last 
twelve or eighteen months, but these do not refer 
to any existing engines; they merely represent a 
fairly accurate comparison of the several types of 
engines set out in the table. The following fig- 
ures are taken from a catalogue issued by this firm 
some months ago, before the present extraordi- 
nary developments in design and construction took 
place. 
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The 90 Ilorse-power Engine. Bore 120 m.m.; 
stroke 140 m.m.; speed at normal revolutions 1,300 
per minute ; petrol consumption 0.6 pints per b.h.p. 
hour; oil consumption 0.025 pints per horse-power 
per hour; weight per brake horse-power 4.5 lb., 
including radiator and all accessories and piping. 

The 120 Horse-power Engine. Bore 130 m.m.; 
stroke 175 m.m.; speed at normal revolutions 
1,2(X) per minute; petrol consumption 0.6 pint per 
b.h.p. hour; oil consumption 0.025 pint per horse- 
power per hour; weiglit per brake horse-power, 
including radiator and all accessories and piping, 
4.5 lb. 

11. The Wolseley Engine 

The Wolseley Tool & Motor Car Co. have 
specialized with Vee engines, both air and water 
cooled. In Figs. 55 and 56 we show two views of 
the 90 horse-power semi-air-cooled eight-cylinder 
engine, clearly showing every detail of the valve 
gear and giving an excellent idea of the general 
arrangement of the piping and accessories. In 
Figs. 57 and 58 we show two views of the 130 
horse-power wholly water-cooled eight-cylinder 
engine. The photographs from which these 
blocks were prepared were very kindly presented 
to me by the Wolseley Co. It will be seen that 
the valves are in the head of the cylinder, but are 
not inclined in this case. To ensure ample space 
for large diameter valves we find they are offset 
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from the cylinder centre line, and this can 
clearly sei'u in Fig. 5H. The eraiikcase is of alu- 
minium, liuviug tliL> cylinders bolted to it at an 
anj;le of [H)', the crankshaft being supported by 
three bearings and having two connecting rods 
operating on each eraukpin. Both types of en- 
gine have tlieir cylinders constructed from high 
carbon steel and turned out of the solid ingot. 
The water jackets of the Ktd horse-power engine 
are formed of sheet copper. Steel pistons arc 
also used. Tlie camshaft passes between the two 
groups of cylinders and operates both sets of 
valves; at the end of the camshaft we find strong 
reduction gearing is fitted for the propeller drive, 
the propeller running at half the crankshaft speed. 
The valves are fitted in detachable cages and are 
actuated by long tappet rods connected to over- 
head rocking levers. The Claudel-llobson car- 
burettor is used and Bosch dual high tension mag- 
neto ignition. In Fig. 57 the carburettor and 
magneto arc fitted in the Vee, but they may also 
be fitted at the end of the engine if desired. The 
form of the cylinder barrel is shown diagram- 
matically by the sectioned drawing of Fig. 59 
which represents the air-cooled engine arrange- 
ment. Lubrication is by means of two gear 
pumps, one being arranged for suction from the 
crankcase sump and the other for delivery to the 
main bearings and crankpins under pres.surc. 
The remainder of the lubrication is effected quite 
well by "splash." The Wolseley Co. have ex- 
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pi'essed regret at not being able, under present 
circumstances, to supply me with particulars of 
their most up-to-date engines, but the engines I 
have described belong to the period immediately 
preceding the outbreak of war. The following fig- 




Fio. 69. — Diagrammatic Section of Air-cooled Cylinder for 

Wolseley Engines. 

ures were published by this firm in a catalogue is- 
sued some months ago : — 

The 90 Horse-power Semi-air-cooled Engine. 
This engine has the exhaust valve fitted in a 
water-jacketed detachable cage, but the inlet valve 
and the cylinder head are wholly air-cooled. A 
small gear pump is used to circulate the water 
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through the valve boxes and a honeycomb radiator 
is fitted to cool the water. The speed of the eu- 
gine is 1,8I)(I revolutions per minute when develop- 
ing 90 b.h.p, with eight cylinders, each having ii 
bore of 4 in. and the stroke being 5J in. Tlio 
weight of the engine only is 4(10 lb. when empty. 

The I^U llorse-pouer Engine. This engine is 
wholly water-cooled, the pump boiug clearly visi- 
ble in Fig. r>8. At 1,200 revolutions per minute 
the engine develops 130 brake horse-power with 
eight cylinders, each having a bore of 5 in. and the 
stroke being 7 in. Being a relatively slow speed 
engine anil water-cooled the weight is fairly high, 
being estimated at 700 lb. There is no doubt 
whatever that this figure will have been cut down 
very considerably at the present time. 

III. The Salmson Engine (CANTON-XlNNfi 
System ) 

This is a radial engine having fixed water- 
cooled cylinders and rotating crankshaft, being 
generally mounted right in front of tlie aeroplane, 
as shown in Fig. GO. The sole selling agents for 
the British Empire are the Dudbridge Iron 
Works, Ltd., of Stroud, Gloucester, to whom I am 
indebted for the unique photographs accompany- 
ing this description. Tlie description of the Salm- 
son engine given below is based on information 
supplied by this Firm and on personal observa- 
tions of the writer. Through the courtesy of 




t, fifl. — Wolsele^ GO H.P. Semi air-cooled KiRht-eylindcr Vee Aero 
Engine, showing arrangement of Tap|ict Rode, VaU'e Boxes, and 
Carburettor. 
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Fio. 57. — Kiiii Vipw of iSil H.P. Wolacley Eiglit-oylinder Water-cooled 
Vep Apto Enfiinp, aliowirifi arrangement of Carburettor and Indue- 
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Messrs. Willans & Robinson, of Rugby, I was able 
to see these engines in course of design and con- 
struction, and on the test bed; every facility was 
granted me to get a thorough grasp of the many 
problems which had been faced and surmounted. 
Briefly we may say that three types of engine have 
been constructed and others are in course of prep- 
aration. There are the M7, the M9, and the 2M7 
types. The M7 has seven cylinders ; the M9 has 9 
cylinders; and the 2M7 has fourteen cylinders, 
being in reality a double M7 engine. The horse- 
power and other dimensions are given later. 
The cylinders of the 2M7 are staggered so that 
the crankshaft receives seven firing impulses per 
revolution. 

The cylinders are of forged steel machined 
inside and out. The valves are mounted in the 
head of the cylinder, their seatings being integral 
with the main forging. The head of the cylinder 
has a flat surface formed above it to make the 
water jacket joint, and the intervening space is 
very carefully gouged out to reduce the weight and 
allow the water to circulate freely all round the 
valve pockets. The water jacket is formed of 
spun sheet copper brazed to the cylinder at the 
lower end and clamped at the upper end by the 
valve cages. It will be noticed that the jacket has 
a *' bellows" formed in it to allow for expansion. 
The complete cylinder with water jacket is won- 
derfully light and its thickness varies from 2 m.m. 
at the bottom up to 4 m.m. at the top. The 
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method of securing the cylindersis also very in- 
genious; the crankcase Is bored out aud screwed, 
then a scrowed split ring is inserted into a jjroovo 
formed on the outside of the cylinder. The cylin- 
der is next screwed into the crankcase and locked 
in position by a special clamping band, drawn to- 
gether at the ends by a l)olt. The standard pis- 
tons are of cast iron machined jnsido and out as 
far as possible and having domed heads; it may 
be noted here that other materials are also being 
used for tlie pistons in the later engines. The 
complete set of pistons and connecting rods when 
assembled is very carefully weighed and must con- 
form to such strict limits that a deviation of 1 
gramme for a piston and rod, or 0,5 gramme for a 
piston only, is the maximum permissible. The 
connecting rods have both ends alike, are of high 
grade steel, and bushed with phosphor bronze. 
The general arrangement of the meclianism will 
be understood by reference to Fig. 61, from 
which it will be seen that tlie crankpin carries a 
steel collar having as many pins fitted through it 
as there are cylinders to the engine. As thi.-! 
arrangement would give no positive drive, a very 
ingenious arrangement of gear wheels is adopted. 
The collar has a gear wheel C rigidly fixed to it 
which gears with the planet pinion B. The pinion 
B is very wide and meshes with a fixed wheel A 
attached to tiie crankcase. The wheels A and 
have the same number of teeth, so that as the 
crank rotates in the direction of the arrow the 
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collar is driven back at the same speed, thus each 
pin in the collar always faces its own cylinder 




and each connecting rod end traces out a crank- 
pin path of its own inunediately in front of its 
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own cylinder not coincident with tlie path of the 
main crankpin. The crank web is splayed out to 

form a bearing for wheel B, 
and is also very carefully 
balanced by balancing 
masses. The arrangement 
of the valve gear on the M9 
engine will be understood 
from Fig. 62, which shows 
at A one of the nine cams 
driven by gearing from the 
crankshaft through an inter- 
I l^jj mediate wheel supported on 

^^K P^^^ t'^^ crankcase. At B the 
^r^ / \ B^^ tappet roller of large diame- 
ter is seen fixed to the ball- 
headed tappet C which 
passes through the bronze 
guide D. A ball socket is 
formed at the lower end of 
the tappet rod or push rod 
E, the upper end being 
forked. In the 2M7 engines 
a special form of guide is used for the tappet, as 
the rods of the rear set of cvlinders are more 
inclined than those of the front set, the valve gear 
being always in front of the engine. The rock- 
ing lever on the head of the cylinder has a ball 
joint for operating the valve. In the M7 engine 
there are only two cams each having three pro- 
jections; in the 2M7 engine there are four cams 




Fig. 62. — Arranjrement of 
Valvo Gear for a Ra- 
dial or Rotary Aero 
Engine. 
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Fig. 3.— 
Flat Disc, 
Mushroom 
type Valve 
for Aero 
Engine. 



with three projections each; in the M9 engine 
there are nine cams each having a single projec- 
tion. The valves are of tungsten steel and of the 
form shown in Fig. 63. Anotlier form 
of valve frequently used in other 
makes of engine is tlie stream-line 
form of Fig. 64. Tlie valve springs 
are of grasshopper pattern and can 
be clearly seen in tlic pliotographs, of 
which Fig. 65 is the 2M7 engine, and 
Fig. 68 the M9 engine shown mounted 
on the test bed. Rotation is clockwise, 
viewed from the propeller end. The Zenith car- 
burettor is used and provided witli a special ex- 
haust gas heater round the mixing chamber; in 
addition to this tlie petrol vapour is taken to 
the cylinders through an annular duct cast round 
the back of the aluminium crankease. The oil 

pumps, water pump, and magneto are 
at the rear of the engine. Generally 

A the Bosch magneto is used. The fir- 
ing order of the M7 engine would be 
1, 6, 4, 2, 7, f), 3, and of the 2M7 engine 
it would be 1, hi, 6, (ia, etc. Lubrica- 
tion is by two plunger pumps, one 
drawing the oil from the crankease 
and passing it to the tank, while the 
other feeds the oil to the bearings and 
along the centre of the hollow crankshaft to the 
crankpin. The connecting rods and pistons are 
lubricated by splash. The following figures have 



Fio. 64. — 
stream -line 
Section, 
M«»«liroom 
Valve for 
Aero En- 
gine. 
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been published by the Dadbridgo Iron Works, " 
Ltd., ill one uf their catiilugues, but it should be 
carefully noted that these figures do not rel'er U, 
the latest iiiid most up-to-date engines:— 


Tjp*-. 


H.II.P. 


tjlimlcn. 


Itort. 


Striikf 


K i-^^H 


M7 


1)0-11)0 


7 


120 lu/iu 


140 m/m 


1250 ^n 


M!) 


i;j(V]4o 


g 


120 m/m 


140 m/m 


.250 1 


2.M7 


■2il(t-2-2'} 


u 


120 m/m 


140 m/m 


1230 ^H 



The consumptiiin of petrol is stated to be (I.G 
pint per l).li.i», per hour, iiiui the eonsuiuptiori of 
lubricating oil is jfiven as (l.()l.*5 lb. per bJi.p. liour. 



IV. The Anzaxi Engixe 

This is a I'adlal air-eooleil engine with fixed 
cylinders and rotating crankshaft. The British 
Anzani Engine Co. have kindly allowed me to 
reproduce some of the excellent photographs from 
thoir catalogue; I am also indebted to the Com- 
pany, for allowing me to visit the works and 
examine all the parts of the fen-cylinder lOfi 
horse-power engine. Tlio company also build 
many other types the most important of which is 
probably the 200 horse-power twenty-cylinder 
engine. Many records have been made and many 
prizes won by aeroplanes fitted with the Anzani 




Fin. (17.— TliP 200 HI*. Tiventy-ty Under Anzoni Ra- 
din] .AiroHilod Kn<;inc. shoning position of Cu- 
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air-cooled engines. The ten-cylinder engine is 
arranged as two groups of five cylinders set star 
fashion. The twenty-cylinder, illustrated in Figs. 
67, 68, 60 and 70, is arranged in four groups of 
five cylinders each. The parts of the ten-cylinder 
engine are shown in Fig. 71. From an examina- 
tion of the photograplis it will be observed that 
the crankcase, which is of aluminium, is split into 
two portions which are bolted together by longi- 
tudinal bolts. The cylinders, which are of cast 
iron, are then inserted and held in position firmly 
by long stay bolts pivoted at one end on the crank- 
case bolts and passing through lugs formed on the 
outside of the head of the cylinder. This ar- 
rangement is excellent as it relieves the cylinder 
barrel of tensible stress. Cast-iron pistons are 
used and flat disc valves (see Fig. 63). The inlet 
valves are automatic, but the exhaust valves are 
mechanically operated in a manner verj^ similar 
to that shown in Fig. 62. There are, however, 
only two cams in this engine each having two pro- 
jections and being driven at one-fourth of the 
engine speed; these operate all the ten exhaust 
valves. The peculiar arrangement of the crank- 
pin should be noted, as this is specially designed 
to brinar the axes of the two sets of cvlinders into 
close alignment and thus reduce the unbalanced 
couple to a minimum. Probably the most inter- 
esting device in the whole engine is the crankpin 
bearing for the connecting rods. Each connect- 
ing rod is of special steel alloy bushed at the pis- 



^.i.M leauoii is !)>' a plunger ty 
ranged as a poppet valve. High 
iguitiou is used and the Zenith c. 
ted. It will be noticed that the 
placed low to allow of gravity fee* 
thoroughly warmed by passing it 
nalar chamber surrounding the c 
following figures are published foi 
of engine : — 

The twenty-cylinder engine has t 
of 140 m.m. and cylinder bore of 105 
ing 200 horse-power at 1,250 rcvolu 
ute. The weight, complete, is 3.4 
power. Petrol consumption is ( 
horse-power per hour, and oil con 
pints per horse-power per hour. 

The ten-cylinder engine has a pi 

145 m.m. and cylinder bore of 150 n 
100 horse-nm*-^ ' ^ " 




Fio. 70.— Side view of the 200 H.P. Twenty-cylin. 
der Anzani Radial Air-cooled Aero Engine, 
showing position of Magneto and arrangement 
of Valve Gear. 
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V. The Gnome Engine 

This is an air-cooled engine having rotating 
cylinders and fixed crankshaft. I am greatly in- 
debted to Messrs. Peter Hooker of Walthamstow 
for the unique photographs accompanying this 
description which were all specially taken for me, 
and also for two complete sets of working draw- 
ings of the Gnome and Le Khone engines. Unfor- 
tunately at the present time it would be indiscreet 
to reproduce the working drawings, but at some 
future date I hope to be able to do so ; the photo- 
graphs and the diagram I have prepared in Fig. 
72 should clearly explain the action of the engine. 
Perhaps the best known type of Gnome engine is 
the 80 horse-power seven-cylinder bivalve type 
having an automatic balanced inlet valve in the 
head of the piston and a mechanically operated 
exhaust valve in the head of the cylinder. The Le 
Rhone engine referred to above has nine cylinders 
each 105 m.m. bore, and tlie equivalent piston 
stroke is 140 m.m., which jnables it to develop 80 
horse-power at l,i?00 revolutions per minute. It 
has two mechanically operated valves in the head 
of the cylinder, and the petrol vapour and air 
passes through the crankchamber and up to each 
inlet valve by a separate short inducti(m pipe. 
There is a master connecting rod to the big end 
of which two plates are attached carrying concen- 
tric grooves for the remaining big ends. A single 
rocking lever attached to a fulcrum fixed in the 
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centre of the cylinder head serves to operate both 
valves, i.e. inlet aud exhaust. The most inoilerii 
type of Gnome engine is the mono-valve engine 
giving 100 horse-power at 1,20<) revolutions per 




of the 



minnte, having nine cylinders eacli ICO m.m, bore 
and with an equivalent piston stroke of 150 m.ni. 
It will be seen from Fig. 7.3 that the crankshaft is 
hollow and it is also stationary, the cylinders being 
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grouped symmetrically round its centre and the 
pistons being grouped symmetrically about the 
crankpin. Considering any one of the cylinders, 
except that immediately above and in line with the 
stationary crank arm, it will be readily seen that 
the force of the explosion on the head of the pis- 
ton causes a great thrust along the connecting rod 
which can be resolved into two components; one 
acting along the axis of the cylinder does no useful 
work, but the other acting at rirjht angles to the 
cylinder axis exerts a powerful torque about the 
crankshaft centre and thus rotates the whole 
crankcase and cylinders in the manner of a fly- 
wheel. The main engine fixing plate is situated 
immediately behind the crankcase in Fig. 73, and 
there would be a second fixing plate at the end of 
the long crankshaft, while a third supporting plate 
would often be fixed in front of the engine to take 
the weight of the overhanging portion, although 
this is not done in the case of the Hooker engines 
here illustrated. We notice the ingenious arrange- 
ment adopted for carrying out a brake test, the 
torque being measured direct at the cradle by 
means of the weights seen on the left of Figs. 74 
and 75. The fan brake is used here to take up 
the power instead of the propeller, so that there is 
no end thrust on the testing chassis. The exhaust 
valves are placed in the heads of the cylinders and 
operated by tappets, push rods, and rocking levers 
in the usual manner, the cams being driven by 
gearing from the rotating crankcase. The petrol 
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and lubricating oil are pumped into the crankcase 
through nipples which are screwed into the hollow 
stationary crankshaft. The throttle control valve 
is fixed at the far end of the hollow crankshaft 
and only admits sufficient air to the crankchamber 
to vaporize the liquid petrol therein, but not 
enough to form an explosive mixture. An explo- 
sive mixture is one containing about 98 per cent, 
of pure air, so that there is little danger of the 
crankcase mixture igniting. The method of form- 
ing the explosive mixture is as follows: — On the 
suction stroke of the piston B (i.e. the operation 
which corresponds to a stroke, but is in reality 
only a relative displacement of piston and cylin- 
der without translatory motion of the piston) the 
exhaust valve which is fitted at A (see Fig. 72) is 
kept open during half the stroke so that pure air 
is drawn into the cylinder (there being no exhaust 
box). After the exhaust valve is closed a suction 
is created in the cylinder during the second por- 
tion of the stroke, so that when the piston over- 
runs the ports C it draws the rich mixture from 
the crankcase D into the cylinder. During the 
compression stroke dilution and remixing occur in 
the cylinder, thus bringing the contents to the cor- 
rect proportions for exploding. The exhaust 
valve opens very early in the firing stroke, so that 
there is not enough pressure in the cylinder to 
cause the products to blow into the crankchamber 
when the ports are uncovered by the piston at the 
end of the firing stroke, and in any case the gas is 
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too rich to ignite readily. The two most impor- 
tant features of the Gnome engine are the master 
connecting rod, shown in Fig. 76, and the obtura- 
teur rings used on the pistons. The master rod 
is mounted on the crankpin and fitted with ball 
bearings; each of the remaining connecting rods 
works on a gudgeon pin fitted between the flanges 
of the master rod. Oil pipes will be observed 
which lead the oil up to the gudgeon pin and so 
through the hollow pin on to the cylinder walls. 
In spite of the fact that the obturateur rings, 
which are of bronze and of a special section, must 
cause excessive friction loss, I am told they are 
absolutely essential for successful continuous op- 
eration — possibly due to the distortion of the 
cylinder under heat. These rings are placed very 
near to the top of the piston and are in addition 
to the packing rings. It will be readily under- 
stood that the temperature of the cylinder bore 
cannot be uniform the whole way round as the 
front and rear faces of the engine will be better 
cooled than the portions of the cylinders adjacent 
to each other and situated in the Vee's. The 
cylinders are of steel and likewise the crankcase; 
they are held in place (by two collars) between the 
two halves of crankcase. The exhaust valve is 
cooled considerably by the introduction of the 
clean air on the suction stroke ; also the valve gear 
is lubricated by allowing oil to flow up the hollow 
tappet rods. The oil pump is shown in Fig. 77 
and the oil-heating device in Fig. 78. The mag- 
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iit'to is nttiiclied to the main engine fixing plate 
and the higli tension electrode delivers the current 
to a rotary distributor attached to the back end oF 
the crankcjist'. The ignition wires leading from 
the distril)ut(ir to the plugs are bare, as heavy in- 
sulation would probably be disintegrated under 
centrifugal force. The crankease is mounted on 
ball bearings. According to some figures which 
were published in Engiimeriny for March 20, 1914, 
the consumption of petrol by a 100 horse-power 
Gnome nioiiogoupape engine was li.64 lb. per 
liorse-power per hour, and the consumption of 
hibrlcatiriir oil was 0.09 lb., per horse-power per 
hour; tliesc figures do not relate to the Hooker 
engines described above, however. 

VI. TdE CuiiTiKS Engine 

The ('urtis.s Aeroplane Co. of Buffalo, New 
York, U. S. A., liave manufactured large numbers 
of aeroplane engines. 1 am indebted to the Lon- 
don office of the Firm for the particulars on which 
the following description is based and the photo- 
graplis of these engines. There are two principal 
sizes, the OX and the VX, both being V engines 
with water-cooled cylinders. The VX engine has 
forged steel cylinders with sheet metal water 
jacket welded on the outside. The cylinders are 
bolted to the crankcase by ordinary studa, but are 
staggered. The OX engine has cast-iron cylin- 
ders with sheet metal water jacket welded on the 
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outside. The cylinders are bolted to the crank- 
case by four ordinary studs and four long studs 
extending to the head. The valve chambers and 
valve stem guides are cast in one piece with the 
cylinder barrel. In both* engines, the valves are 
overhead but operated by long push rods from an 
ordinary camshaft. The inlets are of nickel steel 
and the exhausts of tungsten steel. The valve 
springs are both of helical pattern on the OX en- 
gine, but on the VX engine the exhaust has a can- 
tilever spring. The pistons are of special alu- 
minium alloy with ordinary cast-iron rings and 
chrome-vanadium steel wrist pins. The connect- 
ing rods are of H section, machined all over and 
heat treated. The crankshafts are of chrome- 
nickel steel. The timing wheels are spur pattern, 
the pinion being steel and the wheel manganese 
bronze. The exhaust pipes are of steel. Ignition 
is by high tension single-spark magneto. Two 
separate magnetos are fitted on the VX motors 
and a single magneto on the OX motor. Two Ze- 
nith carlmrettors are fitted, one for each bank of 
four cylinders. Lubrication is by rotary gear 
pumps drawing oil from the reservoir and pump- 
ing it through the hollow camshaft to the crank- 
shaft and main bearings, and thence through the 
connecting rod oil pipes to the piston pins and 
cylinder walls. The oil pressure at normal engine 
speed is about 50 lb. per square inch. The main 
bearings are of bronze, lined with white metal. 
The camshaft bearings are of aluminium alloy. 
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Photographs of the engines are shown in Figs. 79'« 
and 8(1. Particulars of the output, etc., are givei^^ 

ill Table XI. M 

TABLE XI B 


•iv,,r«fKi.({inc. 


OX 


1 


Number of cylindere . . . 

Bore of cylinder 

Stroke of piston 

Normal speed in revs, per miii. 
Horse-power at normal speed . 
Weifrht with all aceeasories, 
but without oil and water . 
Petrol consumption, per hour 
Oil consumption per hour . . 


8 
i" 
5" 
1.400 
100 

4001b. 
8.3 Rallona 

lUKalloii 


1 

1,400 ■ 
200 ■ 

7001b. ■ 
15 gallon*^ 
0.75 gallon 



VII. The JIercedes Engine 

This is a vertical-in-line engine with water- 
cooled cylinders and overhead camshaft driven by 
gearing. The Mercedes Motor Co. of Long Acre, 
London, \V, C, have kindly supplied the following 
particulars and pliotographs of the 100 horse- 
power engine. It has six cylinders, cast in pairs. 
The bore is 120 ni.m. and the stroke 140 m.m. The 
normal speed is I ,-300 revolutions per minute. 
Both inlet and exhaust valves are meclianically 
operated. Ignition is by two high tension mag- 
netos, and a special carburettor is fitted. The 
weight of the complete engine with all pil)ing and 
accessories is 444 lb. The petrol consumption at 
full power is 7J gallons per hour, and the oil con- 
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sumption i gallon per hour. Lubrication is 
forced by means of a pump drawing oil from a 
tank in the crankchamber ; an auxiliary oil tank is 
also fitted. The firing order of the cylinders is 1, 
2, 4, 6, 5, 3. Two views of this engine are shown 
in Figs. 81 and 82. 
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Flu. 7!>. — 'ITie 100 liorm'-jMmci- Ciirtias ui'roplane engine, type OX. 
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Fw. 80.— The 201} horse-power Curtiss aeroplane engine, type VX. 
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APPENDIX 

We have dealt principally with engines of 100 horse* 
power, but engines of 200 horse-power are in common 
use, and in the near future we may expect still more 
powerful engines — probably the day of the 1,000 horse- 
power aeroplane engine is close at hand. 

One is frequently asked to express an opinion as to 
which type of engine will survive the present competitive 
era, and naturally a satisfactory answer cannot be 
readily put forward. After due consideration the Au- 
thor ventures to predict that, putting on one side such 
impracticable machines fat present) as internal com- 
bustion turbines and wireless-controlled electric motors, 
the six- or twelve- or eighteen-cylindered vertical-in- 
line type will most likely come out on top. The radial 
and rotary types have too much wind surface exposed 
and have as a rule to be placed in front of the pilot; 
the Vee engine is not an attractive mechanical propo- 
sition, and the advantage gained by the reduction in 
engine length is partly discounted by the increased 
width and other disabilities mentioned previously in the 
text. The use of ball-bearings in connecting rod big 
ends which is now so commonly advocated is absolutely 
wrong, and in most cases their use for main engine 
bearings is a doubtful advantage. Ball and roller bear- 
ings have many advantages for certain purposes, but 
their principal use should be for bearings which are 
subjected to steady loads and have no pounding action 
upon them. Ball thnist bearings for propeller drive or 
gears are of course ideal. The practice of holding the 
cylinders on to the crank chamber by Vsw^ W>^^ "^sSvi- 

05 
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tached at the licad end is good as it relieves the barrel! 
of longitudinal teiiaile stress, The best position for the T 
valves should bo side by side in the eeiitre of the cylin- 
der head, but this ofteu leads to pre-igniliou and knock- 
ing due to overheating of the exhaust valve. Qreat I 
care must be taken with the beat treatment of tlie ex- 
haust valve espfeiaUy if the engine is likely to run mucU J 
on a weak mixture. The position of the sparking plugs j 
is also a matter for careful thought. In many eases it 
will be found better to sacrifice much theoretical effi- 
ciency for a little practical experience and place the 
valves and pln>rs in a quiet little pocket of their own; 
also it would be better sometimes to overeool the engine J 
a little in the neighbourhood of the valves, leaving the.l 
barrel to take care of itself to a greater extent than stj 
present. The abolition of the oil pump with its attend- 
ant drive and pipes may also be one of the future de- 
velopments in design. Iti the matter of pistons the cast- 
iron article still holds a prominent phice in spite of the 
introduction of aluminium alloys; the steel cylinder 
.suits the cast-iron piston and the steel piston will do 
quite well in the cast-iron cylinder, but the fixing of the 
gudgeon pin and the stiffening of the pistoti head by ribs 
are most readily carried out in a casting. The overhead 
camshaft is not in favour as if introduces new troubles 
to add to other misfortunes. In the matter of carbura- 
tion there is still room for improvement, and a device 
which embodied some of the best features of two of the 
leading carburettors, while eliminating the less desirable, 
would probably come quite near to perfection. The ig- 
nition device, i.e. the high tension magneto as we know 
it, is a splendid machine and leaves little room for im- 
provement, but the question of sparking plugs is not 
yet settled. The plug which will always spark when it 
should do has yet to be found. 
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